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I introduction 


Under this research grant, we studied studied the behavior 
and mechanical properties of the lithosphere. This is a 
prerequisite to an understanding of the mechanisms and processes 
that occur in the earth's mantle, which are masked by the 
lithosphere. For this study, we used geoid heights derived from 
the GEOS-3 and SEASAT radar altimeters. The study of the 
correlation between bathymetry and geoid heights gives 
information on the mechanical properties of the lithosphere, such 
as its thickness, which is related to the age of the lithospheric 
plate. By probing several locations spanning varied temporal 
situations, we are able to retrace the time evolution of the 
lithospheric plates. 

We also believe that a systematic study of this type will 
lead to one of the following predictive capabilities: location 
of unknown seamounts from the knowledge of the geoid heights, 
prediction of gravity field from the knowledge of the topography 
and past history of the relief, or insight into the history of a 
region from the knowledge of both topography and geoid heights. 
To achieve this aim, several seamount chains, islands, and ridges 
must be investigated. Several geographical areas have already 
been studied, including the Walvis Ridge and Rio Grande Rise in 
the Southern Atlantic Ocean and several seamount chains in the 
Central Pacific Ocean. Conclusion of the present study indicate 
that two main factors influence geoid height: conditions of 
creation and age of the lithosphere at the time of loading. 
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II HfiJLii£U3 


In this project, we restricted ourselves to the study of 
linear bathymetric features, i. e., seamount chains. In studying 
such features, it is legitimate to consider individual satellite 
passes crossing the chain of seamounts at an angle as close as 
possible to 50 degrees. It is therefore unnecessary to go 
through the tedious procedure of adjusting all satellite passes 
into a coherent network by calculating and removing a bias and 
trend. Furthermore, dealing with individual satellite passes is 
ideal for studying the evolution along a seamount chain. 

To account for the geoid signals observed so far, two models 
were developed: 9 thin-elastic-plate model and the Airy model 
(see, for exiiLe, McKenzie and Bowin, 1976). The 
thin-elastic-piate model applies when a load has been developed 
on a thin plate of finite thickness which is subsequently 
deformed. The magnitude and wavelength of the deformed area 
depend mostly on the flexural rigidity, which is itself 
proportional to the cube of the lithospheric thickness. The 
Airy-type model applies when the load was created simultaneously 
with the lithosphere (or on zero thickness lithosphere) and 
developed light roots in order to establish local or regional 
isostatic equilibrium. The methodology has been described in 
Roufosse (1979) and will be summarized here. 

The first step in our procedure is to calculate theoretical 
filters in wavenumber space using variable parameters for both 
models (for example, see Figure 1). We then Fourier-transformed 
these functions in normal space. Next, the bathymetry was 
reconstructed as rigorously as possible along the subsatellite 
position using available contour charts (the Uchupi charts were 
used in the Atlantic Ocean). Lastly, the filters were convolved 
with the bathymetry in order to produce a set of theoretical 
geoid profiles to be compared with the observed geoid heights. 

Ill Results 

A. Study qL Walvis Eiila£ dud Rid Grande Rise 

The Walvis Ridge is aseismic and is made up of three main 
segments : 

1) An eastern segment, extending continuously from the 
African margin to longitude 6 degrees E and trending 
east-northeast to west-southwest. It is approximately 600 km 
long and 100 to 200 km wide. 

2) A central segment, trending north-south. This segment is 
lo*^er and narrower than the eastern segment and is c*pproximately 
500 km long. 
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3) A western segment, made up of individual seamounts and 
divided into two branches, a sharp and elevated branch and a less 
marked northern branch. It extends to the Mid-Atlantic Ridge in 
the vicinity of Tristan da Cunha and Gough Islands. 

There are two main hypothesis concerning the origin of the 
Walvis Ridge. The first is that it formed synchronously with the 
opening of the South Atl^"' tic and resulted from hot spocs 
(Morgan, 1971, 1972a, b; Le Pichon and Hayes, 1971; Francheteau 
and Le Pichon, 1972) . The second is that it was created after 
the opening of the South Atlantic and is related to a major 
uplift (Ewing, Le Pichon, and Ewing, 1966; Maxwell and others, 
1970) . To distinguish between these two hypotheses, several 
investigators (Goslin, Mascle, Sibuet, and Hoskins, 1974; Goslin 
and Sibuet, 1975; Dingle and Simpson, 1976) have made use of all 
the information available for the eastern section of the ridge: 
bathymetry, seismic profiles, magnetic anomalies, age of the 
load, sedimentary distribution, morphology and constitution of 
the ridge, and gravity data. They all concluded that the 
easternmost section of the ridge was formed simultaneously with 
the lithosphere, on the ridge, by a mantle hot spot. Further, it 
is probably controlled by lines of weakness in the lithosphere 
such as tranforms faults. By no means can it represent a load 
superimposed on the lithosphere; this is ruled out by the 
gravity anomalies that suggest compensating roots down to a depth 
of about 25 km. 

If we observe the direction of the Walvis Ridge, it is 
incompatible with a fixed hot-spot origin. It has been 
postulated that after the eastern segment was formed, 
approximately 127 to 80 m.y.b.p. , the South Atlantic opening pole 
shifted at about 80 m.y.b.p. (Le Pichon and Hayes, 1971). it is 
likely that the center of the volcanic activity, which was 
responsible for creating the central section of the Walvis Ridge, 
moved southward at that time. The hot spot then presumably moved 
to the location of Tristan da Cunha, where it created the western 
section of the ridge, which thus developed on older lithosphere. 
If that is true, a thin-elastic-plate model, similar to that used 
for the Hawaiian and Marshall-Gilbert Islands (Roufosse, 1979) 
should be best suited to describe the western section of the 
Walvis Ridge. We used geoid heights derived from the GEOS-3 
radar altimeter to investigate the structure of the Walvis Ridge 
and selected 16 satellite passes evenly spaced along the whole 
length of the ridge, as seen in Figure 2. We applied the Airy 
model with variable plate thickness and the thin-elastic-plate 
model with variable flexural rigidity to all these profiles. 
Eight of the profiles are presented in Figures 3 and 4. The 
eastern section of the ridge shows strong broad and asymmetrical 
signals with occasional dual structures, which account for the 
two separate ridges forming that section: the Valdivia Bank and 
the Frio Ridge. The central section reveals weaker and narrower 
signals, while the western section shows dual signals, a sharp 
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and intense southern peak and a weak northei.n signal. The geoid 
heights thus faithfully reflect the bathymetry of the area. 

In the eastern section of the Walvis Ridge, the 
thin-elastic-plate value for the flexural rigidity that best 
accounts for the intensity of the observed geoid is very large, 
of the order of 2.5 x 10^° dyne-cm. This model, however, gives 
regative aisles that are not apparent in the observed geoid; 
moreover, the width of the theoretical signal is too large. 
Therefore, we tried the Airy model, which, in most of the passes 
observed, best reproduced the observed geoid for a local 
lithospheric thickness T of 25 km, as seen in Figures 5 and 6. 
This thickness, however, is larger than the average thickness 
along the whole profile. The Airy crustal thickening T can be 
defined by 


T = 



+ T 


where h is the height of the ridge above the sea floor and t is 
the depth of the root below the bottom of the lithosphere. The 
Airy crustal thickness determined in that region is thus of the 
order of 20 km. We believe that the Airy model constitutes a 
much better description of the area; further, it fits with other 
available data, such as the age of the lithosphere, the aga of 
the load, gravity data, and theories concerning the opening of 
the South Atlantic. 
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Four observed geoid profiles ever the western section of the Walvis 
Ridge, represented ei th respect to a reference geoid of degree and 
order 16. 
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In the central section, we again applied both models. The 
thin-elastic-plate model gives best fitting theoretical geoid 
heights for a flexural-rigidity value of the order of 5 x 10*® 
dyne-cm. Again in this case, there is a discrepancy between the 
observed and the computed geoid heights for the width and 
negative aisles of the signal. By using a crustal thickness of 
25 km, the Airy model gives a better fit for all parameters than 
the thin-elastic-plate model does. 

The situation is reversed, however, for the western section 
of the Walvis Ridge. The signal is sharp and narrow and is 
matched very well by the thin-elastic-plate model when a 
flexural-rigidity value of about 0.8 to 1.0 x 10*® dyne-cm is 
used (see Figures 7 and 8) . This value would thus suggest that 
the seamounts were formed on very young and very thin 
lithosphere, of the order of 8 to 10 km thick. These values for 
the lithospheric thickness are similar to but larger than those 
found by Detrick and Watts (1979) in the same area in their 
correlation of surface ship gravity data and bathymetry data. 
The slight discrepancy can be easily accounted for by the nature 
of the bathymetry used in our study. Our bathymetry profiles 
were reconstructed along the subsatellite positions from the 
Uchupi bathymetric charts, which have 400-m intervals between 
contours; thus, we could overestimate the depth of the bottom 
floor and underestimate the ridge height by as much as 399 m. We 
performed the calculations a second time using visual 
interpolation for points between bathymetry contours This lowered 
the flexural rigidity to 6 x 10 dyne-cm, in perfect agreement 
with other researchers. 

We also studied the Rio Grande Rise in the South Atlantic 
Ocean. This area was chosen in order to be compared with the 
previously studied Walvis Ridge area, because it is located 
symmetrically with respect to the Mid-Atlantic Ridge. The geoid 
signals present in the Rio Grande Rise region are weak and broad 
and mainly resemble those observed in the eastern and central 
sections of the Walvis Ridge. At this point in the study, we 
believe that the Rio Grande Rise has been formed simultaneously 
with the eastern and central sections of the Walvis Ridge by a 
hot spot located on the Mid-Atlantic Ridge. Therefore, an 
Airy-type model of compensation best describes the signal 
observed. 

B. Study qI Several ££amflunt in thn Pacific Ocean 

According to Morgan (1972) , the main chains of islands in 
the Pacific are the consequence of the Pacific plate moving over 
three fixed hot spots located respectively. 

1) At Hawaii, responsible for the Hawaiian-Emperor Seamount 
chains. 
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Figure 7. Three predicted geoid heights for satellite revolution number 2191 
over Walvis Ridge, calculated from the thin-elastic-plate model 
with flexural-rigidity values of 0.50, 0.25, and 0.10 x 10"^ 
dyne-cm. 
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Figure 8. Same as Figure 12 for satellite revolution number 2447-and for 
flexural-rigidity values of 0.25, 0.10, and 0.08 x lO"^^ dyne-cm. 


2) At McDonald, responsible for the Austral, Tubual, 
Marshall-Gilbert seamount chains. 

3) At the intersection of the East Pacific Rise and the 
Tuamotu and Sala y Gomez ridges, responsible for the Tuamotu-Line 
seamount chains. This can be seen in Figure 9. The age of these 
seamounts thus increases towards the northwest. 

The Hawaiian-Emperor Seamount chains have first been studied 
and the results have been reported in Roufosse (1979). The 
values for the flexural rigidity range between 1 and 3 x lO^O 
dyne-cm for the Hawaiian chain and between 5 and 8 x 10^^ 
dyne-cm for the Emperor chain. These results are in agreement 
with those reported by Watts (1978) using surface ship gravity 
data. 


The next features studied are the chains of seamounts 
produced by the hot spot located at the intersection of the East 
Pacific Rise and the Tuamotu and Sala y Gomez ridges: the 
Tuamotu-Line chains. The Tuamotu Islands constitutes the 
youngest section of this alignment; their ages range between 37 
and 40 M.Y. while the Line island ages range between 40 and 97 
M.Y. The lithosphere underlying the Line Seamounts is of the 
order of 80 to 100 M.Y., whereas that underlying Tuamotu Seamount 
is younger, of the order of 70 M.Y. The lithosphere was thus 
older when it was loaded by the Tuamotu Seamounts than by the 
Line Islands. The values for the flexural rigidity that best 
predicts the behavior of the geoid for the Line Islands is of the 
order of 1.0 to 2.5 x 10^^ dyne-cm while it ranges between 2.5 
and 5.0 x 10^^ dyne-cm in the case of the Tuamotu Islands. In 
Figures 10 and 11 you can see respectively the observed and 
predicted geoid heights in the case of the Line Islands. Figure 
12 represents the observed and predicted geoid heights and the 
bathymetry of the Tuamotu Islands. 

Finally, we have studied the two chains of seamounts 
produced by the McDonald hot spot. The Tubuai Austral Cook 
Seamounts are quite young; their ages range between 5 and 25 
M.Y. The Marshall-Gilbert Seamounts constitute the oldest 
section with ages varying between 40 and 70 M.Y. The values for 
the flexural rigidity associated with the youngest seamounts vary 
between 7.5 x 10^° and 10^° dyne-cm while that associated with 
Marshall-Gilbert ranges between 2.5 and 5 x 10^^ dyne-cm. 
Figure 13 represents the geoid signals associated with two 
seamounts of different ages but similar size and loading 
lithosphere roughly the same age. The left smaller signal is 
associated with the older seamount (Tuamotu chain) while the 
right more intense signal is associated with the younger seamount 
(Tubuai chain) . It is quite clear that they cannot be explained 
and reproduced from bathymetry with the same correlation 
function. The younger seamount requires a larger value for the 
flexural rigidity 7.5 x 10^^ dyne-cm versus 2.5 x 10^^ dyne-cm 
for the older seamount. 
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Figure 10. Three geoid height profiles crossing the Line Seamount chain. They 
are represented with respect to a reference geoid of degree and 
order calculated with GtM 10. 
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11. Three predicted geoid height profiles crossing respectively 
the Line Seamounts chain at the same locations as the 
observed geoid height profiles shown on Figure 2. 
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Figure 12. The top profile represents the observed geoid height with respect 
to a reference geoid of degree and order 16 calculated with GEM 10 
across the Tuamotu Seamounts chain. The intermediate profile 
represents the predicted geoid height profile calculated with a 
value for the flexural rigidity of 2.5 x lO^^ dyne-cm. The bottom 
profile represents th<’ bathymetry reconstructed from contour charts 
along the subsatellite positions. 
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The parameter which mostly influences the geoid signal is thus 
the age of the lithosphere at the time of loading. 
Quantitatively, the agreement is quite reasonable, taking into 
account the large uncertainties in the prediction of the ages of 
the seamounts; from the values for the flexural rigidity, we 
calculated that the lithosphere was roughly twice as old when it 
was loaded by Tubuai than by Tuamotu, in good agreement with 
available age data. 

c. Study North Atlantic Qcaan 

1) neu England Seamcunta 

Two typical passes over the New England seamounts can be 
seen on the top profiles of Figures 14 and 15. The signals 
observed have a wavelength of 150 to 200 km and an intensity of 2 
to 4 m. It is similar to the signal observed in the 
Marshall-Gilbert seamounts area; all the values found for the 
flexural rigidity are very low. These values range between 1 x 
10 and 4 x 10^^ dyne-cm. The lithosphere is known to be very 
old in this region and therefore it is very strong. In order to 
account for the low values of the flexural rigidity, we had to 
postulate that the seamounts were very old and, therefore, were 
formed when the lithosphere was younger and thinner. The 
information gathered on the age of the seamounts confirms that 
hypothesis. 

2) isiiiLtli Atlantic Ridge aLOd Azores 

Now, we are in the process of retrieving several passes over 
the northern Mid-Atlantic Ridge and over the Azores Islands in 
order to study both the short and intermediate wavelengths that 
are present in the geoid spectrum. 

Twenty-nine SEASAT passes and sixty GEOS-3 passes have been 
retrieved in that area. The GEOS-3 data are being filtered for 
long wavelengths (a reference geoid of degree and order 10 
calculated with GEM 7 is removed from the raw data) , and 
corrected for bias and trend using Dr. Rapp's information. It 
will then be plotted on Mercator projection in a collaborative 
effort with Dr. Parsons (MIT) and Dr. McKenzie (Cambridge 
University, U. K.).* This map will give information on the 
intermediate wavelengths contained in the geoid and will be 
suitable for a time dependence study. The SEASAT data are 
studied on a track-by-track basis, and attention is focussed on 
the small wavelength features. We are presently in the process 
of retrieving the bathymetry along individual passes. 


*Effort supported by Smithsonian Scholarly Studies program Grant 
1240S102-P12G00-4G50 and proposed under SAG Proposal P-1001-7-80. 

■♦■Continuing effort supported by NASA Grant NAG5-150 beginning 1 
March 1981. 
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Fiyure 14. The top profile represents the observed geoid heights for the 

Seasat revolution number 529 over the New England seamounts. Th( 
bottom profile represents the predicted geoid heights calculated 
witti a value for the flexural rigidity of 1.3 x 10^9 dyne-cm. 
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Figure 15, The top profile represents the observed residual geoid heights 

for the Seasat revolution nutrt)er 1246 over the New England seamounts 
The bottom profile represents the predicted geoid heights calculated 
with a value for the flexural rigidity of 3 * 1029 dyne-cm. 





IV Concluaiona 


So far, we have atudied a large variety of bathymetric 
feature! spanning different lithospheric ages and conditions of 
creation and evolution. The two main factors that seem to 
influence the geoid heights are the conditions of creation 
(e. g., hot spot and uplift) on the one hand and the age of the 
lithosphere at the time of loading (e. g., position with respect 
to the ridge axis) on the other hand. The latter point requires 
further investigation, however, because it seems that the actual 
lithospheric age should be present in the geoid signal. In 
future research, we hope to resolve that discrepancy by using 
both GEOS-3 and SEASAT radar altimeter data acquired over several 
other bathymetric features*. 


*See footnotes, page 20. 
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